Abstract: Obesity and central adiposity are associated with colorectal cancer risk and have been linked to inflammation. Inflammation is a complex, interactive response that may most accurately be summarized through multiple, simultaneously measured cytokines. In this cross-sectional analysis, we investigated associations of circulating plasma levels of C-reactive protein (CRP), tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), interleukin-8 (IL-8), interleukin-1β (IL-1β), and a combined inflammation z score with risk factors for colorectal cancer in colorectal adenoma patients (n = 92). Multivariable logistic regression was used to investigate associations between cytokine levels and known risk factors for colorectal neoplasms. Mean cytokine levels tended to increase with increasing body mass index (BMI), with statistically significant trends in relation to CRP, IL-6, and the combined inflammation z score (P for trend , 0.001, 0.02, and ,0.001, respectively). The odds ratios for associations of the inflammation z score with being overweight (BMI 25-29.9 kg/m 2 ), obese (BMI $ 30 kg/m 2 ), or having a high waist-to-hip ratio were 4.33 (95% CI [confidence interval], 1.04-18.00), 5.54 (95% CI, 1.37-22.42), and 4.09 (95% CI, 1.67-9.98), respectively. Our findings support (1) associations of inflammation with increased general and central adiposity and (2) investigation of a combined inflammation score as a risk factor for colorectal neoplasms.
Introduction
Colorectal cancer (CRC) is the second leading cause of cancer mortality in the United States with 70% of cases having no family history of the disease, pointing to a large environmental component and, hence, its preventability. 1 Among the potentially modifiable risk factors for CRC, physical activity, non-steroidal anti-inflammatory drug (NSAID) use, and calcium intake have consistently been associated with decreased risk, while adiposity is associated with increased risk. [2] [3] [4] Other factors previously examined and fairly well supported to modulate risk for CRC are smoking, serum 25-OHvitamin D levels, and energy intake. [5] [6] [7] Established, non-modifiable risk factors for CRC are old age, family or personal history of CRC, and inflammatory bowel disease. 8 There is increasing evidence for a link between inflammation and colorectal cancer: NSAID use reduced sporadic colorectal adenoma recurrence in clinical trials, and specific pro-inflammatory markers, such as C-reactive protein (CRP), tumor necrosis factor-α (TNF-α), and interleukin-6 (IL-6), are elevated in inflammatory bowel disease and colorectal adenoma patients. 3, [8] [9] [10] [11] CRP, TNF-α, and IL-6 also have been directly associated with adenomas, higher tumor grade, and increased risk of mortality in colorectal cancer patients. 8, 12, 13 High levels of these inflammatory markers were also found to be directly associated with risk factors for colorectal adenomas, such as age, smoking, and adiposity in a case-control study. 14 To further investigate potential links between risk factors for CRC and biomarkers of inflammation, individually and in combination, we examined associations between circulating levels of CRP, TNF-α, IL-6, IL-8, and IL-1β as well as a previously reported combined z score, 15 with potential colorectal cancer risk factors (sex, age, body mass index [BMI] , waist-to-hip ratio [WHR] , NSAID use, serum 25-OH-vitamin D, physical activity, and total energy, calcium, and alcohol intakes) in a population of colorectal adenoma patients.
Materials and Methods
This study was approved by the Emory University Institutional Review Board. Written informed consent was obtained from each study participant.
Study population and procedures
This cross-sectional study was conducted using stored blood samples collected at baseline from participants in a randomized controlled chemoprevention trial that administered calcium and/or vitamin D to sporadic colorectal adenoma patients. The detailed protocol of study recruitment and procedures was published previously. 16 Briefly, study participants were recruited from the patient population attending the Digestive Diseases Clinic of Emory University between April 2005 and January 2006. Eligibility criteria included age 30 to 75 years, good general health, capability of giving informed consent, and having at least one pathology-confirmed sporadic colorectal adenoma in the past 36 months. Exclusion criteria included the use of calcium or vitamin D supplements and any medical conditions, habits, or medication usage that would otherwise interfere with the study. 16 The 92 participants who were randomized into the trial underwent a blood draw and answered questionnaires at baseline that included the Willett Food Frequency questionnaire. Participants were asked to abstain from using aspirin (but not other NSAIDs) for 7 days before the blood draw visit. All visits for a given participant were scheduled at the same time of day to control for possible circadian variability in the outcome measures. Peripheral venous blood samples were taken after subjects had been seated upright with their legs uncrossed for five minutes. Blood was drawn into red-coated, pre-chilled Vacutainer tubes for whole blood, plasma, and serum and then immediately placed on ice and shielded from light. The blood collection tubes for plasma and serum were centrifuged with refrigeration, the blood fractions were aliquotted into amber-colored cryopreservation tubes, the air was displaced with argon gas, and then the aliquots were immediately placed in a −80 °C freezer until analysis.
Inflammation biomarker analyses
A single enzyme linked immunoassay (ELISA) (R&D systems, Minneapolis, MN) was used to measure CRP, and a high sensitivity multiplex ELISA (R&D systems, Minneapolis, MN) was used to measure TNF-α, IL-6, IL-1β, and IL-8 in duplicate according to the manufacturer's protocol in 2010. The average intra-assay coefficient of variation (CV) for CRP was 6.6%, for TNF-α, 11.5%, for IL-6, 11.7%, for IL-1β, 10.6%, and for IL-8, 7.9%. Cytokine levels below the limits of detection were assigned a value equal to the lower limit of detection for that cytokine. ). Mean cytokine values were calculated for each risk factor and evaluated by t test for dichotomized risk factors and by a general linear model for BMI. Associations between CRC risk factors and high levels of inflammatory cytokines were evaluated using multivariable logistic regression. Inflammatory cytokines and a summary z score were classified as high if a subject's level was above the 50th percentile of the population distribution.
Statistical analysis
Due to the strong associations between BMI and our panel of inflammatory cytokines in our study as well as previous literature, BMI was treated as a confounder in all regression models. Also, physical activity was adjusted for total energy intake and vice versa.
To assess the associations of CRC risk factors with a summary score of the inflammatory cytokines combined, a summary inflammation z score was calculated. This score was calculated as follows: first, a normalized z score for each individual cytokine value with a mean of zero and standard deviation of 1.0 was calculated as z = (x -µ)/σ, where x is a participant's cytokine value and µ and σ are the study population mean and standard deviation, respectively; then, the combined inflammation z score for each participant was created by summing the z scores of each inflammatory marker.
Results

Study participants
Selected characteristics of the study participants are shown in Table 1 . The mean age of participants was 61 years, 70% were men, 70% were white, and 20% had a family history of colorectal cancer in a first-degree relative. Only three participants smoked; therefore, we did not evaluate this risk factor.
Although men had statistically significant 44% lower mean CRP levels than did women, the odds ratio for a CRP-sex association was not statistically significant ( Table 2 ). None of the other inflammatory cytokines nor the inflammation z score differed by sex. CRP levels in obese participants were significantly higher (138%, P for trend , 0.001) than in those with a normal BMI (odds ratio [OR] 5.20; 95% CI [confidence interval], 1.42-19.04). Although there was a trend of higher inflammatory marker levels with increasing BMI, the trends were statistically significant only for CRP, IL-6, and the inflammation z score (P for trend , 0.001, 0.02, and ,0.001, respectively). Mirroring the results for BMI, with a higher WHR CRP, IL-6, and the inflammation z score Notes: a categories of biomarkers for odds ratio calculations were set at the median for each cytokine: crP, 1.40 ug/mL; TnF-α, 3.59 pg/mL; IL-6, 1.23 pg/mL; IL-8, 5.11 pg/mL; IL-1β, 0.20 pg/mL; combined inflammation z-score, −0.31; b inflammation z-score (CRP, TNF-α, IL-6, IL-8, and IL-1β) was calculated by (1) subtracting the mean and dividing by the standard deviation (thus creating a mean of zero and standard deviation of 1.0) for each participant's individual biomarker value, and then (2) summing the biomarker z-score values for each participant;
c P value based on t test for comparing two means, except for BMI, which is a P for trend from a linear model; d Odds ratios adjusted for BMI, except Whr, which is adjusted for sex. Physical activity is adjusted for total energy intake, and vice versa; e throughout the table "Low," below the 50th percentile distribution, and "high," above the 50th percentile distribution; cutoff points for WHR are sex specific (for men, 0.97, women, 0.84); Physical activity, 16 Inflammatory cytokine levels were consistently lower among those who consumed a moderate amount of alcohol, with statistically significantly lower mean IL-8 (P = 0.03) levels and inflammation z scores (P = 0.04) found in those with moderate daily alcohol consumption; however, the OR for these associations were not statistically significant. Although mean TNF-α levels were statistically significantly higher by 90% among those who took NSAIDs regularly, the OR for the association included 1.0. Similarly, higher CRP levels were found in participants who were less physically active (107%); however, the OR for the association also included 1.0. There were no statistically significant findings in relation to age, serum 25-OH-vitamin D levels, or total energy or calcium intakes.
Discussion
The results of this study support a direct association of inflammatory cytokines with adiposity-related risk factors for colorectal cancer. Our findings indicate that associations of risk factors for colorectal neoplasms with inflammation may be more strongly reflected by the use of a combined inflammation z score than by any single cytokine that reflects only a small aspect of inflammation/immunomodulation.
Previous studies suggested that there is a direct association between colorectal cancer risk and the inflammatory cytokines assessed in this study. Several CRC case-control studies found blood levels of CRP, TNF-α, IL-6, and IL-8 to be higher in cases. 8, 11, 17 Expression-enhancing polymorphisms in the genes for IL-6, TNF-α, IL-1β, and IL-8 were associated with increased adenoma risk in two case-control studies. 18, 19 IL-1β is involved in COX-2 activation and activates the Wnt cell cycle pathway, the primary pathway of colon cell proliferation. 20 While these inflammatory cytokines are increasingly supported as risk factors for CRC, more research is needed to examine their usefulness as biomarkers of risk for colorectal adenomas.
Obesity was previously linked to inflammation and is proposed to be an inflammatory condition. 21 CRP was associated with BMI in obese or overweight young adults in a large cross-sectional study (NHANES III).
22 IL-6, which stimulates CRP release from the liver, is positively correlated with CRP levels in the adipose tissue of obese individuals. 21 Obesity, insulin resistance, and atherosclerosis are associated with higher levels of TNF-α, a strong mediator of inflammation and reactive oxygen/nitrogen species. 21 We found statistically significantly higher levels of CRP, IL-6, and the inflammation z score in our obese participants, as well as in those with a higher WHR, further supporting that higher levels of inflammatory cytokines are associated with general and central adiposity in patients at risk for colorectal cancer.
We found a consistent pattern of lower inflammatory cytokine levels with moderate alcohol consumption, with statistically significant lower mean IL-8 levels and inflammation z scores. This is consistent with the finding of Pai et al who observed that in those who consume a moderate amount of alcohol, CRP, IL-6, and TNF-α receptor levels were significantly lower than in non-drinkers. 23 In our study, the average alcohol consumption was quite moderate: in women, it was less than one drink per day, and in men, it was around 1.5 drinks per day. In addition, the ORs for the associations of alcohol consumption with the inflammatory markers were not statistically significant after adjusting for BMI.
We found no statistically significant associations of sex, age, serum 25-OH-vitamin D levels, NSAID use, or total energy or calcium intakes with inflammatory cytokines or the inflammation z score. This may have been due to our small sample size and the relatively homogenous population. We found that CRP was statistically significantly higher in women and TNF-α was statistically significantly higher in NSAID users; however, the ORs for the associations were not statistically significant, possibly due to the small number of women and NSAID users. Larger studies are needed to more adequately assess these possible associations.
CRP stimulates the release of IL-1β, IL-6, IL-8, and TNF-α from mononuclear phagocytes, which supports a collective analysis of these cytokines, such as by using a combined z score. 15, 24 Previously, we reported the effects of vitamin D 3 supplementation on a combined inflammation z score (including CRP, IL-6, TNF-α, IL-1β, and IL-8) in a randomized placebo-controlled clinical trial of colorectal adenoma patients. We found that, although vitamin D 3 did not significantly reduce each individual cytokine, it statistically significantly reduced the inflammation z score in this study population by 77% (P = 0.003) relative to placebo. In our current study, we found that the combined inflammation score was more strongly associated with measures of adiposity than were any of the individual cytokines. In light of these data, we propose further investigation of an inflammation z score as a biomarker of risk for colorectal adenomas or cancer.
Our small cross-sectional study has several limitations. First, the small sample size, especially the small sample size of important subpopulations (ie, smokers and NSAID users), limited our analyses and conclusions. Also, the cross-sectional study design does not address temporality, and our results may not be generalizable beyond a limited colorectal adenoma patient population. Finally, about half of the study population was obese, with greater representation of overweight individuals than normal weight individuals. While this limits the comparison of obese to normal weight individuals, the high number of obese and overweight individuals allowed for an important comparison between these groups.
Strengths of this study included that it used standardized methods of collecting blood and patient information from questionnaires as well as standardized methods of assessing vitamin D and cytokine levels. All of the participants had a colorectal adenoma removed in the previous 36 months and, therefore, were unlikely to have current colorectal cancer, which could alter cytokine levels. Other strengths of this study included the array of cytokines investigated, which are well supported and linked to colorectal cancer, and the use of a summary z score to analyze the cytokines collectively.
In summary, our findings in this small crosssectional study support direct associations of CRP, IL-6, and a combined z score of inflammatory cytokines with adiposity in colorectal adenoma patients. This study shows that the use of a combined inflammation z score may have promise in revealing stronger associations of inflammation with colorectal cancer risk than can be discerned by measuring and analyzing only individual aspects of inflammation, a large, complex system. Larger case-control and prospective studies are needed, however, to further assess the validity and usefulness of these cytokines and the combined inflammation z score in relation to risk for colorectal neoplasms or other chronic diseases. also confirmed that this article is unique and not under consideration or published in any other publication, and that they have permission from rights holders to reproduce any copyrighted material. Any disclosures are made in this section. The external blind peer reviewers report no conflicts of interest.
